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Abstract: Irrigation experiments were conducted during November to April under wheat crop in the winter season of 
2012-13 and 2013-14 in the farmer’s field at Galibkhedi village located in Karnal District, Haryana State, India. In the 
study, collapsible multi-outlet pipe (MOP) along with single outlets pipe (SOP) was tested in farmer’s field under 
wheat cultivation. Irrigation was carried out in five treatments including tillage (T) with SOP and MOP; zero-tillage 
(ZT) with SOP and MOP, and furrow irrigation with raised bed (FIRB). Iso-time profile of waterfront spreading and 
advance indicated that irrigation water distribution was uniform under the plot irrigated using MOP as compared to 
plot irrigated using SOP. In addition, water distribution was uniform under zero tilled plots as compared to tilled plot. 
Results implied that MOP has several advantages over SOP in terms of application efficiency (AE) and uniformity of 
water distribution. Average application efficiency for the first study year was found to be in the order of ZT-MOP 
(82.41%) > FIRB (76.79%) > ZT-SOP (75.25%) > T-MOP (74.85%) > T-SOP (69.79%). Average application efficien-
cy for the second study year was found to be in the same order as first year with some deviation in values. In the 
second year values of mean application efficiencies were ZT-MOP (82.58%) > FIRB (77.13%) > ZT-SOP (73.04%) > 
T-MOP (69.65%) > T-SOP (66.13%). Overall, this study concludes that irrigation under wheat crop using collapsible 
multi-outlet pipe (MOP) with zero tillage practices is a suitable option for surface irrigation that accomplishes uniform 
distribution of water with higher application efficiency. 
Keywords:  Application efficiency, Multi-outlets pipe, Water advance front, Zero-tillage  
INTRODUCTION 
In India, surface irrigation is the oldest and most com-
mon method of irrigation for wheat crop. The majority 
of wheat growers in the Indo-Gangetic Plains (IGP) of 
India practices surface irrigation either through flood-
ing or check basin methods (Jat et al., 2011). Wheat 
being a densely planted crop, limits the use of micro-
irrigation by the producers due to economic concerns. 
Hence, surface irrigation remains a popular irrigation 
system for wheat crop in the IGP. Current practices of 
surface irrigation in IGP results in the movement of 
water in two-dimension from the head to tail end of the 
field. Invariably, this results in non-uniform distribu-
tion of water, and excessive percolation losses near the 
outlet due to more infiltration opportunity time. This 
approach results in some areas remaining under wa-
tered or over-watered. Thus, non-uniform distribution 
of water leads to spatial variability in crop growth and 
grain production owing to non uniform availability of 
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water and nutrients in the effective root zone of crop 
(Li et al., 2016). Therefore, irrigation systems need to 
be designed to apply water in the most efficient way 
possible to prevent unnecessary losses and water wast-
age (Burt et al., 1997). Optimum crop growth and 
yield can be obtained under an irrigation system with 
high uniformity of water application in which each 
plant will get an equal opportunity to access the ap-
plied water and nutrients ( Clemmens and Solomon, 
1997). The factors influencing the hydraulic processes 
like water infiltration and uniformity of water distribu-
tion need to be considered to improve efficiency of 
irrigation methods (Hlavek, 1992). The uniformity of 
water distribution can be achieved to a greater extent 
using sprinkler and drip irrigation systems (Varlev, 
1976; Stern and Bresler, 1983; Seginer, 1983; Moteos 
et al., 1997; Li and Rao, 2000; Dechmi et al., 2003; 
Zhang et al., 2013; El-wahed et al., 2015). However, 
initial cost required to install micro-irrigation systems 
restrict its use for closely spaced crops viz. wheat. A 
  
much smaller investment is generally required in case of 
surface irrigation system compared to sprinkler and drip 
irrigation, if extensive land levelling is not needed. 
An alternative method to distribute water uniformly 
and efficiently is to introduce collapsible (MOP) multi-
outlet pipe instead of conventional practice of applying 
irrigation through single outlet pipe (SOP). Technique 
of water application through collapsible multi-outlet 
pipe (MOP) is similar to technique of applying water 
to field by using gated pipe. The difference between 
Gated pipe and collapsible multi-outlet pipe is that in 
gated pipe, the flow rate out of each gate is controlled 
by the percent opening of the gate whereas in MOP, 
instead of gates, the permanent minor outlets of de-
signed diameter are punched at specific interval on a 
side of collapsible canvas pipe to discharge predeter-
mined amount of water. In this study, MOP was em-
ployed instead of gated pipes in the farmer’s wheat 
field. MOP can be used during irrigation and then it 
could be disconnected from the source, rolled and 
stored in safer place. Thus, it will not disturb the farm-
ers activities like land preparation as well as intercul-
tural operations. MOP collapsible canvas pipe installs 
faster than gated pipe and can be purchased in larger 
diameters. The larger diameter pipe will deliver more 
water per unit time to the field and can facilitate in im-
proving irrigation application efficiency of the farmers. In 
addition, punching outlets on side of collapsible canvas 
pipe is easier than installing gates or ports on gated pipe. 
Earlier studies employed gated pipes for irrigation in 
various countries like Australia, China, Egypt and Iran 
and reported that water consumption rate reduced from 
28 to 25 percent and increase in water use efficiency 
by about 30 percent, compared to traditional methods 
(Karami and Samadi, 2005). Gated pipe system for 
surface irrigation over conventional surface irrigation 
system has several advantages, including water saving, 
increase in water use efficiency and increase in crop 
yield (Jibin and Foroud, 2000; Tantawy et al., 2000; 
Rady, 1993). Osman (2002) reported that water 
productivity could be increased with significant rise in 
wheat grain production using gated pipe irrigation 
technique. Under favourable conditions, the irrigation 
efficiency of over 80 % can be attained by using the 
corrugated portable gated pipes (Zimmerman, 1966). 
The maximum distribution uniformity by using perfo-
rated pipe system can be achieved with small uphill 
slope (Hassan, 1998). Fischbach and Somerhalder 
(1971) reported 91.9% water application efficiency 
using an automatic surface irrigation system with gated 
pipes. Osman (2000) pointed out that precision land-
levelling with proper designing of gated pipes irriga-
tion system, may significantly improve water distribu-
tion uniformity under wheat crop.  
The resource conservation technologies (RCTs) which 
include zero-tillage planting, raised-bed planting, laser 
land levelling etc. are currently emerging as vital prof-
itable technologies in the IGP.  Several researchers 
have reported definitive advantages of RCTs in terms 
of rise in grain production, water saving, increase in 
water productivity and  profitability,  allowing early or 
timely sowing of wheat,  improving soil properties, 
etc. (Anonymous, 2003; De-Vita et al., 2007; Bhushan 
et al., 2007; Jat et al., 2009; Montazar et al., 2008; Jat 
et al., 2011; Sharma et al., 2011). Subsequently, farm-
ers in the IGP are accelerating the adoption of RCTs as 
these are profitable and add value to system as a 
whole. On farm irrigation management with resource 
conservation technologies would help to improve irri-
gation efficiency. Common measure of irrigation effi-
ciency is application efficiency, which signifies how 
much of the water applied is actually used for the crop 
growth. A specific objective of this study was to evalu-
ate application efficiency and uniformity of water dis-
tribution using collapsible multi-outlet pipe (MOP) 
under conventional and zero tillage practices in wheat 
crop, in farmers field of IGP, India. 
MATERIALS AND METHODS 
Study area description: Irrigation experiments were 
conducted during November to April under wheat crop 
in 2012-13 and 2013-14 at the Farmer’s field at Gali-
bkhedi village located in Karnal District, Haryana, 
India (29˚48′N latitude, 76˚53′E longitude). The region 
of Karnal falls under tropical climate and experiences 
summer, winter and monsoon seasons. The average 
annual rainfall of this region is 675 mm, which is re-
ceived mainly during July to September. Soil core 
samplings were carried out in the experimental site 
before the commencement of irrigation up to the depth 
of 100 cm, and the samples were analysed for its phys-
ico-chemical properties (Bouyoucos, 1927; Jackson, 
1973). Soil of the study site was clay loam upto 60 cm 
and silty clay loam from 60 cm to 100 cm. The depth 
wise percentages of sand, silt and clay minerals, bulk 
density, pH and EC of soils are given in Table 1. 
Groundwater level at this site normally fluctuates be-
tween 20 and 25 mbgl. Thus, the groundwater level 
precludes any upward capillary movement of water 
into the root zone.   
Treatment details: The experiments were carried out 
in five plots with different on-farm water management 
practices. The management practices adopted in this 
study are given below: 
Conventional tillage with Surface irrigation through 
single outlet pipe (T-SOP). 
Zero tillage with Surface irrigation through single out-
let pipe (ZT-SOP). 
Conventional tillage with Surface irrigation through 
multi-outlet pipe (T-MOP). 
Zero tillage - Surface irrigation through multi-outlets 
pipe (ZT-MOP). 
Furrow irrigation with raised bed (FIRB). 
The conventional tillage with surface irrigation using 
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 single outlet pipe having corner or Fan inflow geome-
try is a common management practice in the IGP of 
India; Under the resource conservation technologies, 
Zero tillage practices and raise-bed planting were im-
plemented under precise leveled field obtained using 
laser land leveller. The linear inflow geometry was 
obtained under surface irrigated basin using multi-
outlets pipe and also under FIRB  (Fig. 1). 
Design of experimental plot: The experiments were 
conducted in the field having area of 6750 m2. The 
field was divided into five experimental plots. Four 
plots were of the size 30 x 50 m each and another plot 
for FIRB treatment was with 15 x 50 m size (Fig. 2). 
Experiments were conducted in the same fie-ld during 
2012-13 and 2013-14. The field was laser leveled for 
precise application of irrigation water using tractor 
operated laser land leveler. The wheat cultivars HD-
2851 were sown in the field in the month of November 
2012 and November 2013 using 100 kg seed ha–1 for 
flat bed and 75kg seed ha-1 for raised beds. Flat bed 
planting was carried out using Zero till seed-cum-fert 
drill at a row-to-row spacing of 22.5 cm. For raised-
bed seeding, raised bed planter was used. Irrigations 
were applied as per the crop water requirement based 
on soil moisture condition of the field. Total three irri-
gations were applied during the year 2012-13 and two 
irrigations were applied in the year 2013-14. Remain-
ing crop water requirement was fulfilled using the 
moisture obtained by rainfall occurred during the crop-
growing period. In the first irrigation event, water was 
applied even after the water reached at the tail end of 
the field to attain the required depth of irrigation. Thus, 
the total amount of water applied in each plot was kept 
same in first irrigation event. 
General features of irrigation system: PVC pipes of 
140 mm diameter were laid on the land surface to carry 
water from source to field for irrigation. Irrigation sys-
tem consisted of five butterfly valves (5”) to control 
the flow of water in different experimental plots. A 
water meter was installed to measure the cumulative 
volume of water during irrigation events. In case of 
surface irrigation through a single outlet pipe (SOP), 
the outlet was fixed at the middle of the plot at its head 
end. In surface irrigation through multiple outlets pipe 
(MOP), numbers of minor outlets were punched at an 
interval of 0.75m on single side along the entire length of 
the pipe, equal to width of the plot. MOP was placed 
along the width wise on upper head of the field. The 
lengths of collapsible pipe used on either sides of the but-
terfly valve were 15m each (Fig. 2). 
The collapsible (Canvas) pipe was used for MOP be-
cause it has several advantages over PVC pipes, such 
as being easy to roll, less weight, easily removable 
from main line, easy to carry from one field to another 
etc (Fig. 3).  In addition, 60 m long collapsible canvas 
pipes are available at affordable prices in the market. 
Sixty-meter long, collapsible canvas pipe was divided 
into four parts as per the experimental plot requirement. 
The diameter of minor outlet was determined using stand-
ard orifice formula, considering major and minor head 
losses calculated through Hazen-William Formula 
(Williams and Hazen, 1920). 
Installations of field instruments for data collection: 
A six access tubes (1 m long) were installed in each 
plot up to the depth of 60 cm. Therefore, total thirty 
access tubes were installed in the experimental plot as 
per the designed location and at desired spacing using 
standard installation tools (Fig. 4).  Slurry of soil and 
water was poured around the access tube to fill the air 
gap and to fit the access tube firmly in the soil. These 
access tubes were used to guide the probe of Frequen-
cy Domain Reflectometry (FDR) sensor to measure the 
soil water content in root zone of wheat crop. Apart 
from regular measurement, soil water content was also 
measured, before and after each irrigation events. To 
obtain the detailed dataset of water front advance dur-
ing irrigation events, field stakes (plastics) were in-
stalled at 5 x 5 m grid in all the experimental plots 
(Fig. 4). Water front advance with time was recorded 
and the resulting data was used to plot the iso-time 
profiles of water spreading and advance using tool 
SURFER (v.8.0).  The obtained iso-time contours were 
used to examine the uniformity of water application 
under different water application and tillage practices. 
FDR Sensor and its calibration: FDR sensor 
(Sentek) uses the dielectric property of water but in 
different way than Time Domain Reflectometry, TDR 
(Bilskie, 1997).  Probe usually consists of two or more 
electrodes (i.e., plates, rods, or metal rings around a 
cylinder) that are inserted into the soil. On the ring 
configuration, the probe is introduced into access tube 
installed in the field. Thus, when an electrical field is 
applied, the soil around the electrodes (or around the 
tube) forms the dielectric of the capacitor that com-
pletes the oscillating circuit. The use of an access tube 
allows multiple sensors to take measurements at differ-
ent depths. It provides the measurement of soil water 
contents from 0 to 150 cm of depth of soil at an inter-
val of 5, 10, 15 cm etc. Calibration of the FDR Sensors 
was made by comparing Scaled Frequency readings 
from an access tube installed in the field with values of 
volumetric water content determined gravimetrically 
from immediately adjacent to the tube. When these 
values were plotted on a graph, they form a relationship 
that was described by a mathematical equation. In this 
way the moisture levels sent from the sensor are directly 
related to real values determined in the soil. As well as 
calibrating the soil, each sensor has been normalized in 
water and air to establish the water and air counts for the 
scaled frequency calculation. 
Application efficiency: The performance of surface 
irrigation system can be evaluated based on the thor-
ough observations of soil water contents before and 
after each irrigation events. Here the performance of 
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irrigation system was evaluated based on application 
efficiencies. Application efficiency provides a general 
indication of irrigation system performance of deliver-
ing water from conveyance system to the effective root 
zone of crop. The main objective of determining the 
application efficiency is to know the volume of water 
to apply and store in the root zone of crop to meet the 
crop water requirement. It mainly depends on on-farm 
management practices, characteristics of soils, slope of 
the field, stream size and method of water application. 
It is essentially a quotient obtained by dividing actual 
volume of stored water in the root zone by the volume 
of water applied to the field and can be expressed 
mathematically as: 
Application Efficiency, Ea (%) = (VS / Va) * 100 
Where, Vs is volume of water stored in the root zone of 
crop and Va is Volume of water applied to the plot 
Volume of water stored in root zone of crop was deter-
mined by taking the product of difference between soil 
water content before and after irrigation event and the 
area of plot. The total amount of water applied to indi-
vidual plot was recorded by water meter (Kanti).  
Statistical analysis: To test the differences between 
treatment means, the data on application efficiencies of 
entire irrigation events for the year 2012-13 and 2013-
14 were analyzed with SPSS (v. 16.0) for one-way 
ANOVA. Duncan’s multiple range test (DMRT) was 
used at the P<0.05 level of probability to obtain the 
homogenous sets.  
RESULTS AND DISCUSSION 
The irrigation experiments were carried out in 2012-13 
and 2013-14 under wheat crop to evaluate the perfor-
mance of water application techniques under tillage 
and zero-tillage plot. The data sets of volumetric water 
contents, before and after irrigation events, and amount 
of water applied were recorded in each irrigation 
events. The water advance and spreading time required 
to evaluate the performance of the irrigation systems 
were recorded only at first irrigation event. First irriga-
tion was applied at the crown root initiation (CRI) 
stage of wheat crop, which generally appears 21-25 
days after sowing. It was difficult to record the water 
advance timing during other irrigation events as height 
of crop was increased due to which water advance 
front was not visible. Therefore, the datasets of only 
two irrigation events that were recorded at CRI stage 
of crop in the month of Decemeber-2012 and Decem-
ber-2013 were used to plot iso-time profiles of water 
spread and its advance. Application efficiency was 
determined for the entire irrigation events applied in 
the study year 2012-13 and 2013-14. 
Iso-time profiles of water spread and its advance 
under basin irrigation: Fig. 5 shows the iso-time pro-
file of water front advance for the first irrigation event 
under different water application techniques and tillage 
practices that was applied at CRI stage of wheat crop 
for the study year 2012-13. The plots irrigated using 
MOP and SOP were compared for surface distribution 
uniformities based on the iso-time profile of water 
front advance.  It was observed that the iso-time pro-
files were uniform in case of plot irrigated using MOP 
compared to that of SOP (Fig. 5) 
The iso-time profiles under the treatment T-MOP (Fig. 
5) shows the accumulation of water beyond the length 
of 35 m from the head end of field. The reason of ac-
cumulation of water may be attributed to the uneven 
planking operation carried out by farmer after sowing 
using wooden plank attached to tractor. Planking is 
generally carried out to crush the hard clods that help 
in micro leveling, smoothening the soil surface and 
building a slight compaction necessary after sowing 
operation. Iso-time profiles were uniform in second 
year of study (2013-14) as compare to first year of 
study (2012-13).  T-MOP and ZT-MOP treatments 
showed uniform trend in the iso-time profile of water 
spread and advance as compare to T-SOP and ZT-SOP 
treatment respectively, for the first irrigation event that 
was carried out at CRI stage of crop in the study year 
2013-14 (Fig. 6). Moreover, iso-time profiles of the 
treatment ZT-MOP shows the water distribution pat-
tern was uniform as compare to all other treatments. 
This may be the combined effect of irrigation using 
multi-outlet pipes and adapted zero tillage practices. 
In case of MOP, main line was extended to the width 
of basin and multiple minor outlets were punched 
throughout the length of pipe at the designed distance. 
Due to multiple minor outlets in MOP, the discharge 
was divided into number of small entrance stream sizes 
rather than single full-size stream as under SOP. Thus 
produces linear inflow of water instead of corner or fan 
inflow.  This helps in uniform distribution of water 
throughout the basin. Firouzabadi (2012) reported sim-
ilar observation and recommended gated pipe (Hydro-
flume) for applying irrigation to achieve uniform dis-
tribution of water throughout the field. 
In SOP plot, water was applied from the centre of head 
end of basin with full size stream. Due to one large 
size stream, water advanced at varying velocity in all 
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Dept
h 
(cm) 
Soil 
textural 
class 
Mineral content 
(mass) 
EC 
(dS/
m) 
pH 
Clay 
(%) 
Silt 
(%) 
Sand 
(%) 
0-15 Clay loam 30.44 24.28 45.28 0.209 8.07 
15-30 Clay loam 31.24 23.48 45.28 0.247 8.10 
30-45 Clay loam 30.04 23.08 46.88 0.178 8.34 
45-60 Clay loam 30.44 21.48 48.08 0.187 8.14 
60-75 Silty clay 
loam 
32.44 18.28 49.28 0.150 8.16 
75-100 Silty clay 
loam 
33.24 17.88 48.88 0.150 8.08 
Table 1. Soil physical and chemical properties of experi-
mental plot, Galibkhedi, Karnal. 
 directions but faster in the middle. The time taken by 
the waterfront to reach about 20 to 25 m in middle 
along the length of basin was same as the time required 
for waterfront to reach the corners of head end of the 
basin. Owing to such uneven advancement of water 
within the basin, distribution of water on the surface of 
basin was not uniform under SOP. 
Besides this, Figs. 5 and 6 illustrate that the zero-tilled 
plot irrigated using SOP and MOP provided better 
surface distribution uniformity compared to tilled plot. 
In the zero-tilled plot, the residue of earlier rice crop 
was left undisturbed in the field. These residues of-
fered resistance to the flow of water and thus water-
front spreading and advance was uniform with time in 
case of zero-tilled plot.  In case of tilled plot, there was 
no such residue; therefore, resistance was offered only 
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2012-13  2013-14 
Treatments 
First Irriga-
tion Event 
Second Irriga-
tion Event 
Third Irriga-
tion Event 
Ave. AE (2012-
13) 
First Irriga-
tion Event 
Second Irriga-
tion Event 
Ave. AE 
(2013-14) 
T-MOP 70.83 75.93 77.78 74.85 67.39 71.90 69.65 
T-SOP 66.96 70.03 72.36 69.79 64.15 68.10 66.13 
ZT-MOP 80.08 83.32 83.84 82.41 81.46 83.70 82.58 
ZT-SOP 73.88 75.79 76.08 75.25 71.88 74.20 73.04 
FIRB 75.63 76.18 78.56 76.79 75.87 78.40 77.13 
Mean 73.47 76.25 77.72 
 
72.15 75.26   
STD DEV 4.94 4.71 4.17 6.84 6.01   
CV 0.067 0.062 0.054 0.094 0.079   
SE± 2.21 2.10 1.86 3.059 2.690   
Table 2. Application efficiencies for the study years 2012-13 and 2013-14 under wheat crop. 
Please refer text for T-MOP, T-SOP, ZT-MOP, ZT-SOP and FIRB 
Fig.1. Inflow geometry. 
Fig.2. Layout of experimental plots, Galibkhedi, Karnal. 
  
by soil surface to the flow of water. Hence, the better 
uniformity in water advance front was achieved in zero
-tilled plot compared to tilled plot. 
The iso-time profiles of water spreading and advance 
were also compared for the furrow irrigated plot with 
raised bed planting (FIRB) under both the study year 
(Fig. 7). It has been found that the advance of water-
front was quick in case of furrow irrigation however, 
the iso-time profiles shows the uneven distribution of 
water as compare to the ZT-MOP and T-MOP treat-
ment during both the study years. Surface water distri-
bution was uniform in case of FIRB treatment as com-
pare to T-SOP and ZT-SOP treatment due to linear 
inflow geometry of water. 
 Application efficiency: The volume of water stored 
in the root zone was highest in case of ZT-MOP fol-
lowed by FIRB and ZT-SOP during both the study 
years. It is in the order of ZT-MOP > FIRB > ZT-SOP 
> T-MOP > T-SOP. Application efficiency depends on 
volume of water stored in root zone from the applied 
volume to the plot. Thus, the application efficiency 
improved when volume of actual water stored in root 
zone increased. Overall, the amount of water stored in 
root zone was more in case of MOP compared to SOP 
during both the study years. In addition, the volume of 
water stored in root zone was high in zero tillage (ZT) 
plot compared to conventional tillage (T) plot. The 
increase in soil water storage under zero tillage can be 
attributed to reduced evaporation (Jones et al., 1968) 
and improved water retention capacity (Aina, 1979; 
Opara Nadi and Lal, 1986; Hulugalle et al., 1990). 
Bhattacharyya et al. (2006) observed similar results of 
greater water retention under no-tillage compared to 
conventional tillage. Jemai et al. (2013) also reported 
that water storage properties in root zone of wheat crop 
and water availability for plants were enhanced under no 
tillage practices. Application efficiencies (AE) for irriga-
tion event in the study year 2012-13 and 2013-14 under 
each treatment is presented in the Fig. 8. 
Fig. 8 illustrates that the application efficiency of T-
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Fig. 3. PVC pipes and collapsible multi-outlets pipe (MOP) . 
Fig. 4.  Layout of access tube and field stakes with installed access tube and field stake in the experimental plots, Galibkhedi, 
Karnal. 
 MOP treatment was more than T-SOP treatment under 
all the irrigation event occurred in 2012-13. Similar 
result was observed under zero tillage plot (ZT-
MOP>ZT-SOP). The mean highest application effi-
ciency was obtained in the ZT-MOP (82.41%) treat-
ment followed by FIRB (76.79%) treatment and the 
lowest was observed in the controlled T-SOP (69.79%) 
treatment (Table 2). Application efficiency was in the 
order of ZT-MOP > FIRB > ZT-SOP > T-MOP > T-
SOP in the study year 2012-13. Further, Mean applica-
tion efficiency was observed 5.06%, 5.46%, 7.00% and 
12.63% more under the treatments T-MOP, ZT-SOP, 
FIRB and ZT-MOP, respectively, compared to control 
treatment (T-SOP) in the first year of study. 
Similar trend of application efficiency was observed in 
second study year 2013-14. The mean highest applica-
tion efficiency was obtained in ZT-MOP treatment 
(82.58%) and lowest was obtained in T-SOP (66.13%) 
treatment (Table 2). Mean application efficiencies 
were observed 3.52 %, 6.92%, 11.01% and 16.46% 
more in the treatments T-MOP, ZT-SOP, FIRB and ZT
-MOP, respectively, compared to control treatment (T-
SOP) in the second study year. 
Application efficiencies were observed 5.06 % and 
3.52 % more in case of plot irrigated with MOP in 
tilled plot as compared to SOP plot for 2012-13 and 
2013-14, respectively. This might be due to the large 
discharge stream (as in case of SOP) divides into num-
ber of small streams of water flow in case of MOP. 
This resulted into the line source of application of wa-
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Fig. 5. Iso-time profile of water spreading and advance for the study years 2012-13 under the treatment (a) T-SOP  (b) T-MOP 
(c) ZT-SOP (d) ZT-MOP. 
  
ter along the width of basin that facilitated the linear 
flow of water throughout the check basin.  Earlier re-
searchers also reported the higher application efficien-
cy, distribution efficiency and uniform distribution of 
water in the soil using Gated pipes, which is similar to 
multiple outlet pipes used in this study (Omara, 1997; 
El-Motaleb et al., 2006). 
The zero tilled plots with SOP irrigation showed 5.46 
% and 6.92% more application efficiency than tilled 
plot with SOP irrigation in the year 2012-13 and 2013-
14, respectively. Thus only with adapting zero tilled 
practice could increase application efficiency to the 
significant level. This could to be attributed to increase 
in stored water content in case of zero tilled plots. 
Statistical analysis showed that the application effi-
ciency of treatment T-MOP is significantly (P<0.05) 
higher than the T-SOP treatment and significantly 
(P<0.05)  lower than the ZT-SOP and FIRB treatment. 
The application efficiency of the T-SOP treatment was 
significantly (P<0.05) lowest among the all treatment. 
The treatment ZT-MOP achieved significantly highest 
application efficiency among all other treatments in 
entire irrigation events. The plot with ZT-SOP treat-
ment showed the significant difference (P<0.05) in 
application efficiency when compared with T-SOP and 
ZT-MOP treatments and however, there was no signif-
icant difference in application efficiency when com-
pared with T-MOP and FIRB treatment. Application 
efficiency of the FIRB treatment was significantly 
(P<0.05) higher than the T-SOP treatment and signifi-
cantly lower than the ZT-MOP treatment. Thus among 
all the treatment applied in the irrigation experiment, 
ZT-MOP treatment was statistically superior and T-
SOP was statistically inferior. 
Conclusion 
Irrigation experiment to test the collapsible multi-
outlet pipe (MOP) in farmer’s field was carried out in 
five treatments such as tillage with single outlet pipe 
(SOP) & MOP, zero-tillage with SOP & MOP and 
FIRB. Results highlighted that MOP has several ad-
vantages over conventional SOP irrigation. The appli-
cation efficiency was more in ZT-MOP, which ensured 
high water availability for plant growth. Iso-time con-
tours showed that the uniformity in advancement of 
waterfront was more under ZT-MOP plot that accom-
plishes uniform distribution of water under ZT-MOP 
plot. Higher irrigation application efficiency and uni-
formity of water application under ZT-MOP indicates 
that the use of multiple outlets pipe irrigation under zero 
tillage plots is a better option to improve irrigation effi-
ciency and uniformity of water application. Overall, this 
study concludes that collapsible multi-outlet pipe (MOP) 
is a suitable option for surface irrigation under zero tillage 
Fig. 6. Iso-time profile of water spreading and advance for the study years 2013-14 under the treatment (a) T-SOP  (b) T-MOP 
(c) ZT-SOP (d) ZT-MOP. 
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 practices, which accomplishes uniform distribution of 
water with higher application efficiency. 
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